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Summary
Purpose: To investigate the factors, including those associated with ictal scalp EEG
results, related to surgical outcome in patients with pathologically proven mesial
temporal sclerosis.
Methods: We studied 51 consecutive patients who underwent anterior temporal
lobectomy and had at least 4 years of follow-up. Surgical outcome was classified
as being seizure-free or not seizure-free during the first two and the subsequent two
postoperative years. Clinical variables and scalp EEG parameters were subjected to
statistical analysis.
Results: Of the 51 patients, 36 (70.6%) were seizure-free during postoperative years 3
and 4. Logistic regression analysis revealed that seizure remission for the first 2 years
( p = 0.002) and contralateral propagated ictal discharges ( p = 0.015) were indepen-
dently related to seizure outcome at 4 years. Patients who were seizure-free at 2
years had an 86.5% chance of remaining seizure-free at 4 years. Of the patients
without bitemporal asynchrony or switch of lateralization, 88.9% were seizure free at
4 years, compared with 54.5% of patients with asynchrony or switch of lateralization
( p = 0.007). These two factors, however, were not predictive of seizure outcome at 2
years.
Conclusions: Contralateral propagated ictal discharges, including bitemporal asyn-
chrony and switch of lateralization, unfavorably influence long-term seizure out-
come. Long-term seizure control is best when the patient has no such propagation
patterns of ictal discharges and is seizure-free during the first 2 years after temporal
lobectomy.
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Mesial temporal lobe epilepsy (MTLE), which is
pathologically characterized by mesial temporal
sclerosis (MTS), is the prototype for surgically reme-
diable epileptic syndromes. For several decades,
anterior temporal lobectomy (ATL) has remained
the standard and most effective form of surgery
for intractable MTLE.1 Many studies have attempted
to identify the prognostic factors after ATL, but
these have usually been performed in the overall
group of TLE.2—8 Although the presence of MTS has
been reported to be associated with favorable sei-
zure control after ATL,3,7—9 the presence of MTS
alone is not associated with excellent postsurgical
outcome. Rather, about one-third of these patients
continue to experience seizures after this proce-
dure.1 There have been few studies of the prognos-
tic factors within the subgroup of patients with
MTS.10—13 A history of status epilepticus,13 age at
operation,10 interictal epileptiform discharges
(IEDs) restricted to the surgical focus,11 and epilepsy
duration12 have been reported to be such predic-
tors. Other studies have suggested that the prog-
nostic value of ictal scalp EEG is probably
underestimated in postoperative series.14,15 In
recent two studies,12,15 prognostic value of contral-
ateral ictal propagation patterns on surgical out-
come has been reported inconsistently. We
therefore investigated the factors, including those
related to ictal scalp EEG results, related to surgical
outcome within a group of MTLE patients with
pathologically proven MTS.
Methods
Patient selection
We retrospectively studied 51 consecutive MTLE
patients who underwent ATL from 1996 to 2000 at
the Asan Medical Epilepsy Center. Patients were
included if they fulfilled the following criteria: (1)
MTS was confirmed by postoperative pathological
analysis; (2) a follow-up of at least 4 years was
available; and (3) multiple spontaneous seizures
were recorded during video-EEG monitoring. Sub-
jects were excluded if there were bilateral inde-
pendent seizure foci on ictal recording, if fewer
than three seizures were recorded, or if the seizure
focus was in the neocortical temporal lobe. All
patients underwent extensive presurgical evalua-
tion, including complete medical history and physi-
cal examination, epilepsy protocol MRI, functional
neuroimaging, and neuropsychological evaluation.
When presurgical evaluation yielded findings thatwere indeterminate, or when results of the presur-
gical tests were conflicting, electrodes were
implanted in the temporal lobes, and in other extra-
temporal regions when necessary, for recording of
intracranial ictal activity.
Scalp/sphenoidal EEG
EEGs were recorded using an international 10—20
system plus bilateral sphenoidal and inferior tem-
poral electrodes. Anticonvulsant discontinuation
was routinely used to induce seizures during
video-EEG monitoring. For EEG recording and ana-
lysis, we used a digital system that allowed for
reformatting the data in any desired montage.
For assessment of interictal spikes, we system-
atically reviewed 2 min of EEG per hour stored on
optical disks. Spike distribution was quantified by
one author (Lim YM), who was blinded to the results
of seizure outcome. Patients were defined as uni- or
bitemporal IEDs based on the interictal spike dis-
tribution (unitemporal, >90% of spikes occurring
over one temporal lobe, which always corresponded
to the side of resection; bitemporal, <90% of spikes
over one temporal lobe).
Ictal EEG tracings were reviewed independently
by two authors (Yim SB and Lee SA) who were
blinded to patient identity, and any disagreements
were resolved by consensus after review. A total of
220 seizures were evaluated (minimum, 3; maxi-
mum, 5; mean 4.3 per patient). Ictal EEGs were
assessed on the basis of the following previously
published criteria.16 EEG seizure onset was defined
as the first unequivocal ictal EEG pattern lasting at
least 3 s. The onset frequency was scored as fast (5-
to 9-Hz) or slow (2- to 5-Hz). If the frequency within
the first 3 s rapidly changed to other frequency
bands, the initial frequency band was used. The
localization of ictal patterns was classified as regio-
nalized, lateralized, or nonlateralized. A regiona-
lized temporal ictal EEG was defined when the
amplitude in one temporal chain was at least two
times higher than the amplitude in the ipsilateral
parasagittal bipolar montages. A lateralized ictal
EEG was defined when the amplitude in the refer-
ential montages of one hemisphere was at least
twice the amplitude in the contralateral hemi-
sphere. If parietal midline electrode (Pz) was
active, an ictal EEG was classified as lateralized
when the amplitude in the bipolar chain of one
hemisphere at least twice the amplitude in the
contralateral hemisphere. Delayed regionalization
within 30 s from EEG seizure onset was judged
equivalent to initial regionalization. Bitemporal
asynchrony (Fig. 1) was defined as a 1-Hz or greater
frequency difference in the seizure discharge
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Figure 2 EEG demonstrating a switch of lateralization. Initial ictal discharges of 5—6 Hz in the left temporal area
disappeared, following which newly developed 5 Hz delta activity emerged in the right temporal area.
Figure 1 EEG showing bitemporal asynchrony with a 2 Hz or greater frequency difference in the seizure discharges
between the two hemispheres (5 Hz in the left temporal region and 2—3 Hz in the right temporal region).
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Table 1 Clinical and electroencephalographic fea-
tures of the 51 patients
Gender (M/F) 29/22
Age (range), year 31.4 (16—50)
Age at seizure onset (range), year 12.7 (1—39)
Duration of epilepsy (range), year 18.7 (4—38)
Side of resection (left/right) 20/31
Risk factors 37 (72.5%)
Febrile convulsion 27 (52.9%)
Meningitis/encephalitis 10 (19.6%)
Postoperative seizure-free rate
During the first and second years 37 (72.5%)
During the third and fourth years 36 (70.6%)
Unitemporal distribution of
interictal spikes
29 (56.9%)
Seizure onset frequency
5 Hz or greater 23 (45.1%)
Less than 5 Hz 24 (47.1%)
Unknown due to artifacts 4 (7.8%)
Localization of ictal discharges
Regionalized 30 (58.8%)
Lateralized 9 (17.6%)
Nonlateralized 12 (23.5%)
Propagation of ictal discharges 22 (43.1%)
Asynchrony 10 (19.6%)
Switch of lateralization 12 (23.5%)
Not observed 27 (52.9%)
Unknown due to artifacts 2 (3.9%)
Secondarily generalized seizure(s)
during video-EEG monitoring
29 (56.9%)between the two hemispheres, or as seizure dis-
charges in homologous regions of the two hemi-
spheres being clearly out of phase. Switch of
lateralization (Fig. 2) of the dominant ictal dis-
charge from one to the other hemisphere was
based on the stated localization criteria. The
diagnosis of switch of lateralization or asynchrony
of ictal discharges was made only if a regionalized
or lateralized pattern lasted at least 10 s. A sei-
zure was never lateralized to the side of the
switchover.
Based on all available ictal recordings, the ictal
EEG of each patient was classified by (1) onset
frequency (fast or slow), (2) localization of ictal
discharges (regionalized, lateralized, or nonlater-
alized), and (3) the presence or absence of switch
of lateralization or asynchrony of ictal discharges.
Frequency was classified as fast or slow if at least
50% of seizures had that frequency. Localization
was classified as regionalized or lateralized if at
least 50% of analyzed seizures originated from one
temporal or hemisphere, whereas the remaining
seizures were classified as nonlateralized. Indivi-
duals with seizures originating from both sides
were classified as nonlateralized. The presence
in a patient of contralateral propagation was
defined if at least one seizure had bitemporal
asynchrony or a switch of lateralized ictal
discharges.
Surgery and follow-up
All patients underwent the same ATL technique
performed by a single neurosurgeon (Lee JK). The
resection included the mesial temporal structures
(amygdalae, hippocampus, parahippocampus), and
parts of the anterior, lateral, and basal temporal
neocortices. Maximal resection of the mesiotem-
poral structures and lateral resection up to 4 cm
posterior to the temporal tip were always
attempted. Histology confirmed the diagnosis of
MTS in all 51 patients. Patients were followed up
at 3 month postoperative intervals by out-patient
visits. Postoperative seizure frequency and occur-
rence were verified by discussion with family mem-
bers or other individuals able to observe the
patients. Outcome for the purpose of this analysis
was designated as the patient being or not being
seizure-free. Seizures occurring 1 month postopera-
tively, seizures occurring after discontinuation of
antiepileptic medication, and aura’s were excluded
from the analyses. Seizure outcome was scored for
the first 2 postoperative years. Seizure outcome at
4 years was estimated depending on seizure recur-
rence for the last 2 years determined at 4-year
follow-up.Statistical analysis
Clinical variables included gender, age at surgery,
age at seizure onset, duration of epilepsy, laterality
of surgical resection, history of risk factors including
febrile convulsions and meningitis/encephalitis,
and the presence of secondarily generalized sei-
zures during video-EEG monitoring. Seizure out-
come at 2 years was added to the variables
evaluated for seizure outcome at 4 years. Electro-
physiological variables included distribution of IEDs,
localization of ictal discharges, frequency of ictal
discharge at seizure onset, and contralateral pro-
pagation of ictal discharges such as bitemporal
asynchrony or switch of lateralization. The chi-
square test and student’s t-test were used for uni-
variate analysis. Multivariate analysis using logistic
regression was performed on variables that were
p < 0.1 in univariate analysis. Statistical procedures
were performed for each surgical outcome at 2 years
and at 4 years. Data were analyzed by SPSS version
12.0. The significance level (p) was set at 0.05.
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Table 2 Univariate analyses of factors associated
with surgical outcome during the first and second years
in 51 anterior temporal lobectomy patients
Seizure-free
(n = 37)
Not seizure-
free (n = 14)
p
value
Age, yeara 30.0  7.7 39.9  9.2 0.062
Age at seizure
onset, year
12.0  7.5 14.5  9.9 0.324
Duration of
epilepsy, year
18.1  8.8 20.4  9.5 0.410
Gender
Male 65.5% 34.5% 0.196
Female 81.8% 18.2%
Side of resection
Left 80.6% 19.4% 0.107
Right 60.0% 40.0%
A history of risk factors
Presence 70.4% 29.6% 0.712
Absence 75.0% 25.0%
Distribution of interictal spikes
Unitemporal 69.2% 30.8% 0.214
Bitemporal 85.0% 15.0%
Localization of ictal discharges
Regionalized 83.3% 16.7% 0.063
Lateralized 44.4% 55.6%
Nonlateralized 66.7% 33.3%
Seizure onset frequency
5 Hz or greater 65.2% 34.8% 0.154
Less than 5 Hz 83.3% 16.7%
Asynchrony or switch of lateralization
Presence 68.2% 31.8% 0.449
Absence 77.8% 22.2%
Seizures during video-EEG monitoring
At least one
generalized
63.6% 36.4% 0.214
Only complex
partial
79.3% 20.7%
a Mean  standard deviation.Results
General characteristics
Demographic and clinical characteristics of the 51
patients in the study are shown in Table 1. Of the 51
patients, 29 were men and 22 were women, of mean
age 31.4 years (range 16—50 years) and mean age at
seizure onset 12.7 years (range 1—39 years). Of
these 51 patients, 37 (72.5%) were seizure-free
for the first 2 years after surgery. Of these 37
patients, 17 stopped taking antiepileptic medica-
tion. Five of the 37 patients (14%) who were seizure-
free for the first 2 years experienced seizure recur-
rence during the next 2 years, whereas 4 of the 14patients (28.6%) who had seizures during the first 2
years became seizure-free during the next 2 years.
Thus, of the 51 patients, 36 (70.6%) were seizure-
free during the third and fourth postoperative years.
Of these, 17 had stopped taking antiepileptic med-
ication.
Factors predicting seizure outcome during
the first two postoperative years
On univariate analyses, two variables, younger age
at operation (p = 0.062) and the presence of regio-
nalized temporal ictal discharges ( p = 0.063), were
weakly associated with excellent seizure control
(Table 2). Logistic regression analysis, however,
revealed that both younger age at operation
(p = 0.031; OR = 1.1 [95% CI = 1.0—1.2]) and regio-
nalized temporal ictal discharges (p = 0.007;
OR = 14.4 [95% CI = 2.0—101.4]) were significantly
predictive of good outcome (Table 3).
Factors predicting seizure outcome during
the third and fourth postoperative years
On univariate analyses, two variables, seizure
remission for the first 2 years ( p < 0.001) and con-
tralateral propagated ictal discharges (p < 0.01),
were significantly related to favorable outcome
(Table 4). Logistic regression analysis also showed
that both seizure remission for the first 2 years
(p = 0.002; OR = 45.1 [95% CI = 3.9—515.9]) and con-
tralateral propagation of ictal discharges
(p = 0.015; OR = 18.5 [95% CI = 1.8—193.9]) were
independently predictive of good outcome
(Table 3).Discussion
Although MTS has been associated with good surgical
outcome,3,7—9 MTS does not necessarily confer
excellent seizure outcome after ATL.17—19 Our aim
was to identity prognostic factors in the subgroup of
patients with pathologically proven MTS. We found
that these prognostic factors changed over time.
Whereas age at operation and the presence of
regionalized temporal ictal discharges predicted
seizure outcome at 2 years postoperatively, the
presence of contralateral propagated ictal dis-
charges and seizure outcome at 2 years were related
to surgical outcome at 4 years. Seizure-free rates
were 72.5% for the first 2 years and 70.6% for the
next 2 years.
Our findings showing that some factors had dif-
ferent prognostic significance over time may be
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Table 3 Multivariate analysis of significant factors associated with good seizure outcome after anterior temporal
lobectomy
Factors Odds ratio 95% CI p value
For the first 2 years
Younger age at operation 1.1 1.0—1.2 0.031
Regionalized temporal ictal discharges 14.4 2.0—101.4 0.007
For the third and fourth years
A seizure-free state in the first 2 years 45.1 3.9—515.9 0.002
No asynchrony or switch of lateralization 18.5 1.8—193.9 0.015
CI, confidence interval.
Table 4 Univariate analyses of factors associated
with surgical outcome during the third and fourth years
in 51 anterior temporal lobectomy patients
Seizure-
free
(n = 36)
Not
seizure-free
(n = 15)
p
value
Age, yeara 30.7  8.1 32.9  9.2 0.396
Age at seizure
onset, year
12.1  8.0 14.1  8.8 0.429
Duration of
epilepsy, year
18.7  9.4 18.9  8.3 0.943
Gender
Male 62.1% 37.9% 0.125
Female 81.8% 18.2%
Side of resection
Left 74.2% 25.8% 0.482
Right 65.0% 35.0%
A history of risk factors
Presence 74.1% 25.9% 0.562
Absence 66.7% 33.3%
Distribution of interictal spikes
Unitemporal 69.2% 30.8% 0.667
Bitemporal 75.0% 25.0%
Localization of ictal discharges
Regionalized 80.0% 20.0% 0.115
Lateralized 44.4% 55.6%
Nonlateralized 66.7% 33.3%
Seizure onset frequency
5 Hz or greater 78.3% 21.7% 0.374
Less than 5 Hz 66.7% 33.3%
Asynchrony or switch of lateralization
Presence 54.5% 45.5% 0.007
Absence 88.9% 11.1%
Seizures during video-EEG monitoring
At least one
generalized
72.7% 27.3% 0.770
Only complex
partial
69.0% 31.0%
Outcome in the first 2 years after surgery
Seizure-free 86.5% 13.5% 0.000
Not seizure-free 28.6% 71.4%
a Mean  standard deviation.explained, at least in part, by late seizure recur-
rence. In our study, 14% of patients who were sei-
zure-free for the first 2 years experienced seizure
recurrence during the next 2 years. This was some-
what higher than previously reported.19—21 In the
latter studies, seizure recurrence by the fifth post-
operative year was observed in only 6—8% of
patients who had been seizure free for the first 2
years. The difference in recurrence rates may be
related to the differences in the pathological sub-
strate of the study population. Our study was limited
to a single pathology, MTS, whereas the earlier
studies19—21 were not limited. Thus, our finding of
a higher recurrence rate in MTS patients suggests
that these patients may be at particular risk for late
recurrence of seizures.9,17—19 Relapse rates within
10 years of ATL were found to be higher for patients
with MTS and developmental lesions than for
patients with tumors, vascular lesions, and normal
tissue.18 Another study found that all relapses 30
months after ATL occurred in patients with MTS.17
Our results suggest that poor seizure outcome,
including late seizure recurrence more than 2 years
after surgery, is associated with ictal scalp EEG pro-
pagation patterns such as bitemporal asynchrony or
switchof lateralization.Although these ictal patterns
were not predictive of surgical outcome at 2 years,
about half (45.4%) of the patients had seizure recur-
rence during post-surgical years 3 and 4. In the first
study of ictal scalp EEG propagation patterns as
indicators of bitemporal epileptogenicity,16 it was
found that patients with bitemporal IEDs had signifi-
cantly higher rates of asynchrony and switch of later-
alization than patients with exclusively unitemporal
IEDs. Our findings are in agreement with these
results, in that they showed that propagated ictal
discharges contralateral to the side of onsetmay be a
marker for the presence of an independent poten-
tially epileptogenic area capable of not only sustain-
ing, but possibly initiating, seizure activity. This is
most likely the reason for the poor surgical outcome
in patients with these propagation patterns. Schulz
et al.15 also described that ictal scalp EEG propaga-
tion was highly predictive of surgical outcome in
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nostic value of contralateral seizure pattern.
Among the studies that have compared the
effects of unilateral and bilateral IEDs, several have
shown positive results for the unilaterality of IEDs,
whereas others have shown no differences. How-
ever, two large studies7,22 showed that patients with
unilateral IEDs had a high probability of seizure
remission after surgery. Patients with bitemporal
IEDs were more likely to have seizures arising inde-
pendently from both temporal lobes.16 Although the
reasons for the inconsistent effects of IEDs are
uncertain, one possibility may be differences in
the study populations. As with our study, two of
the studies with negative results were limited to
patients with MTS.10,12,13
Although patients with MTS have somewhat
higher rates of late seizure recurrence, several
studies support the use of the 2-year outcome as
the best predictor of subsequent seizure outcome
after ATL.21 In our study, patients who were seizure-
free at 2 years had an 86.5% chance of remaining
seizure-free at 4 years. Others have also found that
2-year outcome was a better predictor of long-term
outcome than outcome at 6 months or 1 year.19,23,24
Besides late seizure recurrence, the running-
down phenomenon should be considered with regard
to long-term outcome. Following temporal lobect-
omy, some patients have a few seizures during the
first few years after surgery and then become sei-
zure-free, a pattern called ‘the running-down phe-
nomenon’.25,26 In our study, 28.6% of patients who
had seizures during the first 2 years became seizure-
free for the next 2 years. In other studies,5,7,20 14—
44% of patients who had seizures during the early
postoperative years manifested the running-down
phenomenon. It has been suggested that secondary
epileptogenesis27 leading to larger epileptogenic
areas was responsible for the running-down phe-
nomenon and that after resection of a ‘‘hard core,
lowest threshold epileptogenic area,’’ the residual
epileptogenic area was not quite autonomous and
eventually ‘‘ran down’’ over the ensuing months or
years.17,22,25
Two variables, age at operation and regionalized
temporal localization of ictal discharges, had clini-
cally limited significance because they predicted
surgical outcome at 2 years but not at 4 years. That
is, these variables did not reflect changes in seizure
status such as late seizure recurrence and the run-
ning-down phenomenon occurring more than 2 years
after surgery. Other studies with a short follow-up
period of 1 to 2 years have also reported that age at
surgery was a significant predictor of prog-
nosis.5,10,28,29 Based on clinical and experimental
evidence, MTS has been recognized as a progressivedisorder,30 and effective intervention, such as ATL,
has been recommended early in its course.31 The
progressive nature of MTS may contribute to the
poor prognosis in the older age group.
There have been few reports that ictal scalp EEG
can predict outcome after temporal lobectomy.14,15
Seizures with a well-lateralized, regular 5- to 9-Hz
rhythm at onset, which most often have a temporal
or subtemporal distribution, were found to be asso-
ciated with favorable outcome after surgery.14 Our
study showed that the well-lateralized temporal
localization of ictal discharges predicted good out-
come, whereas onset frequency did not. Similarly, a
focal ictal EEG as a predominant seizure type was
also an independent predictive factor for surgical
outcome.9
There are some limitations to this study. First, our
study did not include all variables potentially
related to surgical outcome. All variables we inves-
tigated, except surgical outcome at 2 year, were
presurgical factors rather than surgical or postsur-
gical variables. Therefore, pathological grading of
the sclerotic hippocampus, the extent of hippocam-
pal resection, and postoperative IEDs were not
included. Among the presurgical variables, a history
of status epilepticus or secondarily generalized sei-
zures was not included. Second, no volumetry of the
hippocampi was performed and it was therefore not
possible to correlate bitemporal MRI pathology with
surgical outcome. Third, interobserver reliability
for ictal scalp EEG was not evaluated. Previous
studies,15,16,32,33 however, have shown that the
interobserver reliability for ictal scalp EEG is good
to excellent. The lower rate of interobserver relia-
bility reported in one study34 may result from tech-
nical limitations in EEG recording and display
compared with more recent investigations.
In conclusion, our results suggest that contralat-
eral propagated ictal discharges, such as bitemporal
asynchrony and switch of lateralization of ictal dis-
charges, unfavorably influence long-term seizure
outcome. Long-term seizure control was best when
the patient had no such propagation patterns of ictal
discharges and was seizure-free for the first 2 years
after temporal lobectomy. Further large systema-
tized studies are needed to more clarify prognostic
value of ictal EEG propagation pattern on surgical
outcome in patients with MTS.References
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